In South Africa, dermatologists are often faced with a patient who requires phototherapy but, for financial or practical reasons (distance to a specialist centre, disruption of schooling, etc.), is unable to attend phototherapy clinics. Heliotherapy (the medicinal use of natural sunlight) has been practised for centuries. The main indication for heliotherapy is psoriasis, but it has also been used for treating atopic dermatitis and vitiligo; theoretically, it could be adapted to treat the pruritus from renal failure and HIV. [1] [2] [3] 
Current approaches
Several approaches to using sunlight to treat skin eruptions have been described. In the Dead Sea basin, physicians have advocated 10 -20 minutes' sun exposure twice daily, followed by daily increments of 10 minutes until a maximum of 3 -6 hours per day is reached. The recommended period of treatment ranges from 3 to 4 weeks. 4 This method is largely generic, with daily adjustments based on individual responses to ultraviolet radiation (UVR) and the season. 5, 6 Its disadvantage is that variations in solar ultraviolet type B (UVB) due to changes in the thickness of the ozone layer, daily variations in cloud cover, rain, aerosol content of the air, precipitable water and season are not accounted for. 7, 8 Exposure to ultraviolet type A (UVA) is also not considered for the same reasons.
An alternative approach is to determine the minimal erythema dose (MED) of the patient in the phototherapy unit. Heliotherapy is then started at 70% of the MED, with increases of 10 -15% of MED for skin types I to III and 15 -20% of MED for skin types IV and V with each treatment. Patients undergo 3 -5 treatments per week; the duration of treatment is at the doctor's discretion. 8, 9 Avraham Kushelevsky et al. 10 devised the concept of MED per hour (MED/h) to overcome these issues when using heliotherapy in the Dead Sea basin. The concept differs from MED (energy per unit area); the latter varies according to skin type, and is the minimum single dose of UVR required to produce erythema after 24 hours at an exposed site. 11 In contrast, MED/h is defined as the dose causing minimal redness of the average Fitzpatrick skin type 2 after 1 hour of irradiation.
In South Africa, although dermatologists advise suitable patients to expose themselves to sunlight, there is no scientific consensus regarding time and duration of exposure, which can be misleading and vague for patients. We aimed not to replace the controlled environment of the phototherapy unit but to provide less-privileged patients with more specific, evidence-based advice on the therapeutic use of sunlight, using the concept of MED/h.
Research setting
UVB data were collected at different times of the day throughout the year from meteorological stations in three major South African cities: east coast of South Africa in Durban, latitude 29.9 S, longitude 31.0 E, sea level; west coast of South Africa in Cape Town (latitude 34.0 S, longitude 18.6 E, sea level); and inland at the headquarters of the South African Weather Service (SAWS) in Pretoria (latitude 25.8 S, longitude 28.3 E, altitude 1 541 m).
The instrumentation to measure UVB radiation at all three sites was identical, consisting of a Model 501A UV-Biometer (Solar Light Co., Glenside, PA, USA). All UVR meters are positioned to monitor UVR intensity on a horizontal surface. The Biometer measures the biological effectiveness of UVB radiation in units of MED/h. Data were collected from readings taken over 11 years in Cape Town and Pretoria, and 6 years in Durban. The average hourly UVB values for times from 07h00 -18h00 were calculated for each week of the year.
Results and applications
The average MED/h between 07h00 and 18h00 throughout the 52 weeks of the year for the three cities is shown in Tables I -III and  Figs 1 -3 . In the figures, series 1 is the average of the values between 07h00 and 08h00, series 2 represents the values between 08h00 and 09h00, etc. All values in Tables I -III are expressed in MED/h. This information can be used to give precise instructions to the patient regarding therapeutic exposure to sunlight, depending on skin type. For skin type I, a starting dose of 0.02 J/cm 2 is recommended, while for skin types II -III, skin type IV and for skin type VI the starting doses are 0.03 J/cm 2 , 0.05 J/cm 2 and 0.06 J/cm 2 , respectively. The following equation is then used to calculate the exact exposure time required at different times of the day and year using the data from
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The research objective was to gather and collate data that will enable dermatologists to quantify exposure to solar radiation so that they can give accurate advice to patients using heliotherapy, thereby minimising harm from sun exposure. Other patients can also be advised regarding ultraviolet index (UVI) and sun safety.
The concept of minimal erythema dose per hour (MED/h) may be useful in future research into solar radiation and its effects on skin cancer. For example, consider a patient with psoriasis and Fitzpatrick skin type III skin seen in the 3rd week of January in Pretoria, for whom daily exposure at 10h00 is convenient. The starting dose for this skin type is 0.03 J/cm 2 . The MED/h for 10h00 -11h00 on the 3rd week of January is 3.32 (UVB data Table III), which is equivalent to 0.019 mW/cm 2 . Therefore, the exposure time at 10h00 is calculated as follows:
Irradiation time (seconds) = 0.03 × 1 000/0.019 = 1 578 seconds = 26.3 minutes. This patient can be advised to expose himself for 26.3 minutes a day at 10h00 in week 3 of January. The exposure times for subsequent weeks can be calculated in a similar manner, and the patient be given a written regimen. The doctor prescribing the heliotherapy can therefore quantify and adjust exposure to sunlight.
The UV data presented are also valuable in calculating the UV index (UVI), a concept with which the general public is familiar in preventing overexposure to solar radiation during outdoor activities. One MED/h equates to a UVI of 2.33, so in the example given above, the psoriatic patient will be exposed to a UVI of 3.32 × 2.33 = 7.7.
Discussion
The logistical limitation of carrying out phototherapy in South Africa, where much of the population live in isolated rural areas and lack the means for regular travel, led to this study. We aimed to assist dermatologists in employing a more scientific approach in the use of sunlight -a free, widely available, natural therapeutic resource. Heliotherapy (or climatotherapy) has been used extensively to treat thousands of patients in the Dead Sea basin, Switzerland and Sweden for many decades. [12] [13] [14] Adapting this experience for use in South Africa, where many patients have little therapeutic alternative, is entirely possible and can be done in a controlled and quantifiable manner, taking into account seasonal and even hourly variations in UVR.
As with conventional phototherapy, heliotherapy requires precautions. A thorough history and physical examination should precede any consideration for heliotherapy, and should only be considered if the patient is unable to attend specialist phototherapy centres. Any potentially photosensitising drugs should be noted, as should a history of skin cancer, previous exposure to ionising radiation and skin type. A test for serum antinuclear antibodies may be indicated if there is a suggestion of an underlying photosensitive connective tissue disorder. The patient should be advised that the development of erythema is an integral part of the treatment. Strict compliance with treatment protocol should be emphasised, and solar exposure should be limited to the early morning and late afternoon hours. 5 Avoidance of unnecessary sun exposure should be stressed, and patients should be advised to report any adverse events immediately, wear sunglasses, apply sunscreen to face and hands, and cover the genitalia during exposure to natural sunlight. 10, 13 Absolute contraindications to heliotherapy include xeroderma pigmentosum and other disorders predisposing to sun-induced cancers. Caution is appropriate if there is a past history of non-melanoma skin cancer, immunosuppression, pemphigus, pemphigoid, cataracts, aphakia or photosensitivity.
2,10 A family history of melanoma is also reason for caution.
Acute side-effects of heliotherapy include sunburn, pruritus and a polymorphous light eruption-like response, which is usually transient and affects mainly patients with skin types II and III. 14 Little is known about the chronic side-effects of long-term sun exposure and in particular the cumulative dose of solar UVR predisposing to the development of cutaneous malignancies. 15 An important aspect of this work is that exposure to sunlight can be quantified, paving the way for further research into this area. Another useful application of this work is the ability to calculate UVI, 
